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P87LPC76x 
Programmer 


A simple burner for a popular microcontroller family 


Design by P Luyckx 


The programmer described in this article has been designed for the well- 
known P87LPC76x family of microcontrollers manufactured by Philips. 
These are 8-bit devices with an 805l-derived core and serial 
programming capability. The hardware we've in mind excels in simplicity 
and the programmer software may be obtained free of charge from our 
website. 


The popularity of the 
8-bit microcontrollers 
from the P87LPC76x 
series is mainly due to 
their versatility and 
ease of use. On the 
pros and cons of these 
devices, we are 
informed that pro- 
grammers seem to 
value the limited com- 
plexity, the large num- 
ber of outputs, the 
ample output current 
specification and (last 
but not least) the 
presence of an [2C 
bus. The chip can be 
programmed using a 
serial link, which 
means that in-system 
programming (ISP) is 
within easy reach. 
Having ISP on a 
microcontroller is a 
clear advantage to 
equipment manufac- 
turers because it 
allows them to blow 
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Figure 2. Pulse timing during chip programming (2a) and chip reading (2b). 


the very latest version of the 
firmware into the controller, just 
before shipping the complete prod- 
uct. There is, however, one disad- 
vantage that should not be left 
unmentioned: although we're deal- 
ing with EPROM types, there’s no 
glass window on the current gener- 
ation of P87LPC76x devices, hence 
they are really OTPs (one-time pro- 
grammable ICs). Obviously, before 
you burn an OTP device you need to 
be sure the target circuit works, so 
the relevant software is best devel- 
oped and debugged using a Flash 
board, for example, our incredibly 
popular 89C8252 Flash Microcon- 
troller Board (December 2001). 
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The circuit described here is dri- 
ven by a PC via its serial port. These 
days, it may seem a little old-fash- 
ioned to employ the RS232 port, but 
in this case it was an important con- 
sideration to keep the hardware 
costs as low as possible. After all, 
the addition of a USB interface 
would set you back an additional 
£10 or so because of the need to use 
an USB controller chip. 

The circuit diagram and the PCB 
layout make it overtly clear that 
we're dealing with an extremely sim- 
ple and therefore easily reproducible 
bit of hardware. There are no exotic 
components. The software running 
on the host PC has been written in 


Visual BASIC and can be obtained as a free 
download from our website at www.elektor- 
electronics.co.uk. Alternatively, those without 
access to the Internet (raise your hands 
please) may obtain the same on a floppy disk 
which may be ordered through our Readers 
Services. 


Programming 


A certain protocol, illustrated in Figure 1, 
has to be followed to effectively switch the 
chip into programming mode: 

- Initially, the PDA and PCL pins have to be 
switched to high impedance; 

- Next, the +5-V supply voltage may be 
applied — note that the chip does not toler- 
ate ‘hot inserting’; 

- After 20 us, the programming voltage VPP 
may be applied to the relevant pin. This volt- 
age must have a rise time of between 1 us 
and 100 us. 

- The chip is now in programming mode. 
However, an additional 60 us delay has to be 
observed before the floating condition of PCL 
and PDA can be lifted and programming can 
commence. 

- Leaving the programming mode is less crit- 
ical, although we have to observe a fall time of 
1-100 us for the removal of the programming 
voltage, after which the supply voltage may 
be switched off. 


Programming a P87LPC76x chip involves 
sending commands to the serial interface on 
the chip via the PCL and PDA lines. Each 
command or program byte consist of eight 
bits. After eight clock cycles, all eight bits 
have been clocked into the processor, leaving 
the complete byte ready for fetching from the 
receive register. The serial interface on the 
P87LPC76x is identical to the 8051 compati- 
ble UART in mode 0. 

Data is exchanged on the falling clock 
edge and clocked into the controller on the 
rising edge. The LSB always comes first, the 
MSB, last. This method applies to program- 
ming as well as reading the controller. When 
reading the chip, the data of the first bit is 
valid after 40 ns. An important point to note 
here is that when reading the last bit, the 
PDA pin has to be switched to high imped- 
ance 40 ns after the last rising edge. Conse- 
quently, sampling needs to take place before 
the last clock edge is issued. 

A delay of at least 2 us has to be observed 
between two instructions. Similarly the sys- 
tem needs to wait at least 250 us at 
strt_prgm. 

The diagrams in Figure 2a and Figure 2b 
show the timing diagram relevant to pro- 
gramming and reading respectively. 
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Figure 3. The programmer hardware can hardly be called complex. 


Hardware 


As you can see from the circuit diagram in 
Figure 3, the complexity of the hardware 
remains within reason. A handful of ICs, three 
transistors, a few passive components — and 
that’s it, really! 


Shift register 
The heart of the circuit is formed by IC1, a 
dual shift register. The first register allows 
eight bits to be clocked in serially. Using a 
strobe pulse, the contents are copied in par- 
allel fashion into the second shift register, 
whose outputs are bonded out to pins. The 
device allows eight bits to be shifted ‘in’ at 
the clock rhythm without causing any state 
changes at the chip outputs. The state 
changes are not effective until the strobe 
input (pin 1) is pulled High. This feature 
comes in handy here because in our circuit 
seven control outputs have to be used simul- 
taneously, while the serial interface ‘boasts’ 
only three! 

Observing the order ‘LSB to MSB’ the var- 
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ious functions allocated to the out- 
puts are described as follows: 


— dataline for the controller to be pro- 
grammed; 

— clock line for the controller; 

— control line to ‘high-Z’ the dataline 
(active low); 

—control line to ‘high-Z’ the clock 
line (active low); 

— controller supply line; 

—controller programming voltage 
line; 

— control line to ‘high-Z’ the read line 
(direction: to the PC) (active low); 

— MSB of shift register is not used. 


When copying (i.e., clocking) a num- 
ber from the PC into the shift regis- 
ter, you have to observe that the LSB 
at the PC side corresponds to the 
MSB n the shift register. Also, 128 
clock pulses are required to convey 
one byte to the controller. This is 
because the ‘amount’ of one bit 
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requires clocking a byte two times 
into the register. The only bit that 
differs within this byte s the clock bit 
— all others remain unchanged. 
Consequently the shift register has 
to receive two times eight or sixteen 
clock pulses for each bit read by the 
controller. A complete databyte then 
requires this operation to take place 
eight times. 


Supply voltage and buffer control 
As already mentioned, entering the 
programming mode calls for the 
data and clock lines to be held in 
high-impedance mode until the sup- 
ply and programming voltages are 
applied. This condition is looked 
after by IC6, a quad tri-state buffer 
whose outputs are Low (0), High (1) 
or High-Z as a function of the volt- 
age applied to its control input. The 
High-Z output state is brought 
about by pulling the control input 
logic High. 
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The supply and programming 
voltages required by the controller 
are each applied via a transistor 
switch, because CMOS ICs in gen- 
eral can not supply more than 4 
mA. For the supply voltage a single 
driver using a p-n-p transistor 
proved sufficient. The switch for the 
programming voltage is a little more 
complex because it involves a level 
change from 5 V to 10.75 V. That’s 
why we first create an open-collec- 
tor output using T1, and then have 
T2 switch the programming voltage 
proper. Without T2, it would be 
impossible to completely turn off T2. 
Capacitor C13 ensures that the pro- 
gramming voltage edge has a rise 
time between 1 Us and 100 Us, 
while also eliminating undesirable 
RF noise. 

LEDs D1 and D2 visualise the 
data and clock signal, respectively. 
In view of the limited current avail- 
able, low-current types are manda- 
tory in these positions. 


From RS232 to TTL 

The level conversion from RS232 to 
TTL levels is carried out by an old 
faithful, the MAX232 (IC2, IC3). This 
IC contains a pair of charge pumps 
that enable the +5-V TTL level to be 
converted to —10 V, in compliance 
with the RS232 standard. Because 
we're dealing with three control 
inputs, for convenience (and with 
easy availability in mind) two 
MAX232s are applied in our circuit. 


Power supply 

The circuit may be powered by an 
ordinary mains adaptor with an 
unregulated output voltage of 15 
VDC. In many cases, a 12-VDC type 
will also suffice as it will easily sup- 
ply 15 to 17 V at such light output 
load currents as expected here. 

The internal 5-V supply voltage is 
obtained from three-pin voltage reg- 
ulator IC4. The stabilised program- 
ming voltage is supplied by an 
adjustable regulator circuit built 
around the venerable LM317. Diode 
D4 acts as a polarity reversal protec- 
tion and D3 as an on/off indicator. 


Software 


The software is marked by a univer- 
sal character, consisting of many dif- 
ferent routines. This structure allows 
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enthusiastic programmers among 
you to modify or change the program 
to their heart's content. For example, 
it should be possible to implement a 
different interface without too much 
of an effort, just by changing the 
contents of the output routine and 
re-assembling the code. 

A detailed discussion of each rou- 
tine is unfortunately beyond the 
scope of this article, hence we limit 
ourselves to looking at the ‘shell’ of 
the software, i.e., the user interface 
and its actual use. 

A screendump of the user win- 
dow as it appears on the PC monitor 
is shown in Figure 4. First, we will 
briefly mention the button functions 
at the right-hand side of the win- 
dow: 


— ‘Blank check’ is available to see if 

the chip is unprogrammed, that is, 

it contains nothing but ‘FFh’ val- 
ues (all bits at ‘1’). By program- 
ming, a bit reading ‘1’ can be 

changed into a ‘0’. 

‘Read’ to read the contents of the 

chip. 

‘Program’ allows the chip to be pro- 

grammed with the file you've just 

loaded. 

— ‘Verify’: pressing this button 
launches a routine that runs a ver- 
ification process on the chip con- 
tents after programming; if a dis- 
crepancy is found, an error report 
pops up. 

— ‘Test hex file’ serves to check the 
hexadecimal file for checksum 
errors, as well as to check if the 
hex file size does not exceed the 
memory size of the chip you want 
to program. 

— ‘Auto’ carries out all the above 

functions automatically (except 

‘Read’). 

‘Read Chip ID’ allows you to read 

out the exact type code of the 

P87LPC76x chip, which is useful in 

case the type print on the device 

has become hard to decipher. The 
result is displayed in a text win- 
dow to the left of the button. 


Configuration settings 

The area in the upper left-hand cor- 
ner allows you to tick the settings for 
the configuration bytes. To the right 
of it, you'll find the oscillator config- 
uration, which is actually limited to 
just one setting! The same applies to 
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Figure 4. User interface. 


the block ‘Security settings’ in the centre of 
the user screen. For the sake of completeness 
we should mention that the security routine 
looks after the value of the security byte and 
is called whenever this byte is required. In 
this way, the software ensures that the most 
recent value is always present in memory. 


Between the block ‘Security settings’ and 


‘Chip ID’ you'll find another text window 
showing hexadecimal strings read or due for 
programming. 


Task bar 


The function ‘File’ with its options ‘Open 
file’, ‘Close file’, ‘Save as’ and ‘Exit’ will be 
mostly self-evident. 

‘Programmer’: this function has been added 
to be able to work without the programmer 
connected to the PC. The options ‘Online’ 
and ‘Offline’ activate and de-activate the 
programmer, respectively. 

‘Tools’: this fold-out window display has the 
same buttons as the ones directly accessi- 
ble in the user window, with the exception 
of ‘Read Chip ID’. 

‘Select Chip’: here you select the chip from a 
list of available types. This function is car- 
ried out automatically when running the 
‘Read Chip ID’ and ‘Auto’. 

‘Select com:’: using this fold-out window 
you can select a free serial ports on your PC. 
‘Help’: the option ‘Index’ opens a help file 
containing brief explanations about the pro- 
gram functions. The option ‘About’ supplies 
some information about the program, the 
copyright holder and the author. 


Extra function 
There is an another useful function that’s not 
found in the user window: all settings regard- 
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Figure 5. Copper track layout and component mounting plan of the PCB designed for the 


programmer. 


ing the configuration bytes, the chip and the 
serial port may be stored in a configuration 
file. This works as follows: each time you quit 
the program, a message appears asking you 
whether or not to save the current settings. If 
‘yes’ is selected, your settings will be saved 
on the C: drive in an ASCII file under the 
name ‘settings.pl’. The next time the soft- 
ware is started, your are asked whether or 
not to use the settings from the previous ses- 
sion. If you select ‘no’ you start a new session 
with a ‘clean slate’. In case ‘yes’ is selected 
the very first time you use the program, or if 
no configuration file has been saved, you are 
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treated to an error message. 


Construction 


The copper track layout and compo- 
nent mounting plan of the printed cir- 
cuit board designed for the program- 
mer are shown in Figure 5. We 
believe it’s reasonable to claim that 
this is a compact yet relatively unclut- 
tered board. The ZIF socket for the 
controller to be programmed is found 
roughly in the centre of the board — 
on the final version of the board, this 


COMPONENTS LIST 


Resistors: 

RI = 2550 

R2 = 1kQ91 

R3 = 1kQ 

R4 = 3kQ9 

R5 = 1kQ5 

R6 = 47kQ 
R7,RI2 = 10kQ 
R8 = 680Q 

R9 = 330Q 
RIO,RI I = 1kQ8 


Capacitors: 

C1,C2,C3,C4,C5,C6,C7,C8 = 
l0uF 63V radial 

C9 = 470uF 25V radial 

C10,C11,C14,C15,C16,C17 = 


100nF 
C12 = IF 63V radial 
C13 = 22nF 


Semiconductors: 

DI = LED, low current, red 
D2 = LED, low current, yellow 
D3 = LED, green 


D4 = IN4002 
TI = BC547B 
T2,T3= BC640 


ICI = 74HCT4094 
IC2,IC3 = MAX232 CP 

IC4 = 7805 (TO220 case) 
IC5 = LM317T (TO220 case) 
IC6 = 74HC125 


Miscellaneous: 

KI = 9-way sub-D socket 
(female), PCB mount 

K2 = mains adaptor socket, PCB 
mount 

K3 = 24-way wide ZIF socket 

8 wire links 

PCB, order code 030313-1 (see 
Readers Services page) 

Disk, order code 030313-1 I (see 
Readers Services page) or Free 
Download 

Mains adaptor, output 15VDC (or 
12VDC, see text), 300 mA 

Serial cable, 1:1 (non-crossed) 

Enclosure: e.g., PacTek 
145 x 90 x 30 mm 


position will be even more prominent 
than on the prototype shown in the 
photograph. Connectors K1 (RS232) 
and K2 (mains adaptor) have been 
purposely located at the board edge 
to make them better accessible. 
Because of the relatively low current 
consumption of the circuit (50 mA) 
voltage regulators IC4 and IC5 do not 
require heatsinks and may be 
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mounted flat onto the PCB surface. 
The actual soldering work is not 
expected to cause any difficulty. Not 
al lot can go amiss if you stick to the 
component mounting plan and the 
components list references and part 
descriptions. Having said that, don't 
forget to fit each and every wire link 
on the board (there are eight of 
them) as the absence of any one of 
these can cause awkward problems. 
The photograph in Figure 6 shows 
a correctly built up and fully func- 
tional programmer board. 
Considering the small size of the 
board, finding a suitable enclosure 
should not be too difficult. We built 
our prototype into a PacTek case 
with outside dimensions 145x90x30 
mm. As shown by the introductory 
photograph, a matching front panel 
was designed and produced to add 
the finishing touch to the prototype. 
The front panel is not available 
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Figure 6. Assembled and fully working prototype of the 89LPC76x programmer. 


ready-made from Readers Services, under reference number 030313-F. between the PC and the programmer. A null 
but you can download its artwork Finally, an important remark: use a (zero-) modem cable is not suitable. 
from the Elektor Electronics website 1:1 (non-crossed) RS232 cable (030157-1) 


12/2003 Elektor Electronics 53 


